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compound, (B) an epoxy compound, and (C) a cationic 
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Description 

Field of the Invention 

5 The present invention relates to a photo-curable resin composition used for photo-fabrication of three-dimensional 
objects. 

BACKGROUND OF THE INVENTION 

10 In recent years, photo-fabrication processes for forming three-dimensional objects consisting of integrally lami- 
nated cured resin layers prepared tiy repeating a step of forming a cured resin layer by selectively irradiaSng a liquid 
photo-curable material with light have been proposed (see Japanese Patent Application Laid-open No. 247515/1985. 
USP No. 4.575.330 (Japanese Patent Application Laid-open No. 35966/1987), Japanese Patent Appitcation Laid-open. 
No. 101408/1987. Japanese Patent Application Laid-open No. 24119/1993). 

IS A typical example of such a photo-fabrication process comprises forming a curable resin layer having a specified 
pattem by selectively irracfiating with light using, for example, an ultraviolet radiation laser on the surface of a liquid 
photo>curat)le material (photo-curable resin composition) in a container, feeding the photo-curable resin composition 
equivalent to one layer to form another thin layer of the composition over this cured resin layer, and selectively irradiat- 
ing this thin layer with light to form a new cured resin layer which is integrally laminated over the previously formed cured 

20 resin layer. This step is repeated a number of times, with or without changing the pattern in which the light is irradiated 
to form a three-dimensional object consisting of integrally laminated multiple cured resin layers. This photo-fabrication 
process has been attracting considerable attention, because the target tiiree-dimensional object can easily be prepared 
in a short period of time even if it has a complicated shape. 

The following resin compositions (A) to (C) represent photo-curable resin compositions conventionally used in the 

25 photo-fabrication process. 

(A) Resin compositions containing a radically polymerizatiie organic compound such as urethane(meth)acrylate. 
ollgoester(meth)acrylate. epoxy(meth)acrylate. thiol-ene compounds, photosensitive polyimide. and the like (see 
Japanese Patent Applications Laid-open Na 204915/1989, No 208305/1990. and No. 160013/1991). 

30 (B) Resin corrpositions containing a cationicaily polymerizable organic compound such as an epoxy compound, 
cydic ether compound, cydic lactone conpourxi. cydic acetal compound, cydic thioether compound, spiro-orthoe- 
ster compound, vinylelher compound, and the like (see Japanese Patent Application Laid-open No. 213304/1989). 
(C) Resin compositions containing a radically polymerizable organic compourKl and a cationicaily polymerizable 
organic compound(see Japanese Patent Applications Laid-open No. 28261/1990, No. 75618/1990. and No. 

35 228413/1994). 

The characteristics required of the photo-curable resin composition used for these photo-fabrication processes 
include a low viscosity to quickly form a smooth liquid surface and the capat)ility of being rapidly cured by irradiation witii 
light /Mso. the required characteristics off the photo-curable resin composition are minimal swelling of the cured prod- 

40 ucts and minimal deformation due to shrinkage during curing with light, so as to minimize the procluctk>n of defective 
parts such as warped parts, indented parts (sinkmark), or stretched parts (overhanging parts). 

Three-cfimensional objects pr^Dared by photo-fabrication methods have conventionally been used for design 
model, trial mechanical parts for confirming the functionality, or masters for molds. In order to use this process for trial 
mechantoal parts, it is important that the three-dimensional object has high dimensional accuracy In accordance with 

45 the design in fine processing, mechanical strengtii and heat resistance suffident to withstand corxlitions of use. 

However, no conventional resin composition can satisfy the above demands. The three-dimenstona! objects 
obtained, for example, from the above-mentioned resin composition (A), which is a resin composition containing a rad- 
ical polymerizable organic compound, such as urett«ne(melh)acrylate, oligoester(meth)acrytate, or epoxy(meth)acr- 
ylate. exhibit problems of deformation with the passage of time, such as production of warped parts, or indented parts. 

50 or stretched parts (overhanging parts). k>ecause of residual strain due to the shrinkage during curing. These problems 
of deformation with the passage of time can be partly solved by the correction of the input data to the CAD. However, 
CAD corrections are insuffident to compensate for modem trial mechanical parts which have intricate and complicated 
shapes, or for drcumstantial variations of use. 

The above-mentioned conventional resin compositipn (B) indude cationicaily photo-polymerizable compound con- 

55 taining an epoxy compound have drawt>acks that the photo-curing rate of the resin solution is tower tfian tiiat of resin 
compositions induding a radically photo-polymerizable compound in photo-fabrication processes, necessitating the 
processing time to be prolonged. Also, three-dimensional objects prepared tDy photo-fat)rication using resin composi- 
tions including a cationicaily photo-polymerizable compourxf containing a conventionally known epoxy compound are 
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not provided wrth sufficient toughness required for tfie trial mechanical parts used for confirming the functionality. 

Only an insufficient photo-curing rate can be provided using even hybridized photOKAiring resin conpositions 
including, for example, (meth)acrylate monomer which is the above-mentioned racfically photo-polymerizable com- 
pound (C), and an epoxy compound which is a cattonically photo-pofymerizaWe compound. 

The present invention has been achieved in view of this situation and has an object of providing a photo-curaWe 
resin composition used for photo-fabrication, which can be rapidly cured to ensure reduction in the period of time 
required for photo-fabrication processes. Also, the present invention has an object of providing a photocuratrfe compo- 
sition used for photo-fabrication, which can provide three-<fimensional objects which have high toughness and dimen- 
sional accuracy. 

SUMMARY OF THE INVENTION ~ 

The above object can be attained in the present invention tjy a photo-curable resin composition used for photo-feb- 
rtcation of three-dimensional objects comprising, 

(A) an oxetane compound, 

(B) an epoxy compound, and 

(C) a cationic photo-initiator. 

BRIEF DESCRIPTION OF THE DRAWIfsIGS 

Rgure is a front elevation view of a three<limensional object for evaluating the fabricating capakMlity of the resin 
compositions prepared in the Examples arxi the Conparative Examples. 

DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMENTS 

The present invention will now be explained in detail. 

(A) Oxetane compound 

A compound having an oxetane ring (herein referred to as an oxetane compound) is employed as Component (A) 
of the photo-curatrfe resin composition of the present invention. The oxetane confound of the present invention is a 
compound having one or more oxetane rings represented by the following formula (1). This compourxi can be polym- 
erized or CTOsslinked by radiation from light in the presence of a cationic photonnitiator. 



H,C 



- C - 
/ \ 



CH, 



\ / 
O 



(1) 



The oxetane compound may contain 1 or more oxetane groups. Preferatrfy. the compound has less than 20, and in 
particular less than 10 oxetane groups. In particulariy prefen^ed embodiments the oxetane compound has two oxetane 
groups, n may also be useful to use mixtures of oxetane compounds, in particular those having 1 . 2. 3, 4 or 5 oxetane 

groups. 

The oxetane compound preferably has a molecular weight of about 100 or more, preferably of about 200 or more. 
Generally, this compound will have a molecular weight of about 10.000 or lower, preferatily of about 5,000 or lower. 

In one embodiment of the Invention, the oxetane groups preferably constitute the terminus of racSation curable oli- 
gomers having a phenyl, (oligo)-bis-phenyl. polysiloxane or polyether. backbone. Examples of polyethers are e.g. poly- 
THF, polypropylene glycol, alkoxylated trimethylolpropane, aikoxylated pentaerytritol and the like. 

Preferably, the oxetane compound has one or more groups according to formula (2) 
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- C - 
/ \ 

O 



(2) 



10 in which Z is oxygen or sulfur, most preferably oxygen, and in which and constitute the renrtainder of a molecule. 
Examples of the compound having one ox^ane ring used as oomponent(A) are the compounds represSited by the 
above formula (2), wherein Z represents an oxygen atom or a sulfur atom, represents a hydrogen atom; fluorine 
atom; alky! group having from 1 to 6 cartx>n atoms such as a methyl ^oup, ethyl group, propyl group, butyl group, or the 
like; f luoroalkyl grotp having from 1 to 6 cart)on atoms such as a trifluromethyl groups perf iuoroethyl group, perf luoro- 

IS propyl group, or the like; aryl group having from 6 to 18 carbon atoms such as a phenyl group, naphthyl group, or the 
like; furyl group, orthienyl group, and R^ represents a hydrogen atom, alkyl group having from 1 to 6 cartx>n atoms such 
as a methyl group, ethyl group, propyl group, butyl group, or the Pike; alkenyl group having from 2 to 6 cartoon atoms such 
as an 1-propenyl group, 2-propenyl group, 2-methyl-1-propenyl groups 2-methyl-2-propenyl group, 1-butenyl group, 2- 
butenyl g^oup, 3-butenyt grotp. or the like; aryl group having from 6 to 18 cart)on atoms such as a phenyl group, naph- 

20 thyl group anthonyl group, phenanthryl group, or the like; aralkyi group having from 7 to 18 carbon atoms which may 
be either substituted or unsutsstituted, such as a benzyl group, fluorobenzyl group, methoxybenzyl group, phenethyl 
group, styryt group dnnamyl group ethoxyt>enzyi group, or the like; group having other aromatic groups such as an ary- 
loxyalkyl group including a phenoxymethyl group, phenoxyethyl group or the like; alkylcarfcx>nyl group having from 2 to 
6 carbon atoms such as an ethylcartx>nyl group. propylcartx>nyl group. k3utylcartx)nyl group, or the like; alkaxycart>onyl 

25 group having from 2 to 6 carkx>n atoms such as an 6thQxycartx)nyl group, propoxycartx>nyl group, butoxycarfcx^nyl 
group, or the like; or N-alMcart)amoyl group having from 2 to 6 cartx>n atoms such as an ethylcart>amoyt group, pro- 
pytcart>amoyl group, butylcarbamoyi group. pentylcart>amoil group; or the lika 

The Qxetane compounds having two oxetane rings, include for exairple those compounds represented by the fol- 
lowing formula (3): 

30 

- C - CHj-O-R^-O-CHj - C - R* 
/ \ / \ (3) 

\ / \ / 



wherein R^ independently represerrts a group represent by formula (2), R^ represents a linear or fcxarrched alkylene 
40 group having from 1 to 20 cartxMi atoms such as an ethylene group, propylene group. tMitylene group, or the like; linear 
or branched poly(alkytenoxy) group having from 1 to 120 carbon atoms such as poly(ethylenoxy) group, poly(propyl- 
enoxy) group, or the like; linear or branched unsaturated hydrocartx>n group such as a propenylene group, methylpro- 
penylene groups butenylene group, or the like; cartx)nyl group, alkylene group containing a cartx>nyl group, alMene 
group containing a carboxyl group in the middle of a molecular chain, and alkylene group containing a cart>amoyl group 
45 in the middle of a molecular chain. Alsa in the formula (3). R^ may be a polyvalent group represented by any one of the 
following formulas (4)-(6). 

- CHg - 0(R^)x - CH2 - (4) 

so wherein 0 represents phenyl ring. R^ represents an alkyl group having from 1 to 4 cartxxi atoms such as a methyl 
group, ethyl groups propyl group, butyl group, or the like; alkoxy groip having from 1 to 4 cartx>n atoms such as a m^- 
oxy ^'oup, ethaxy group; propyoxy group, t)utoxy group, or the like; halogen atom such as a chlorine atom, bromine 
atom, or the like; nitro group, cyano group, mercapto group, lower alkylcartx)xyl group. cartx>xyl group, or carbamoyl 
group, and x is an integer of from 0 to 4. 

55 

-CH2-0-R^-0-CH2- (5) 
wherein R^ represents an oxygen atom, sulfur atom, n^thylene group, and groups represented l>y the formulae -NH-, 
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10 



15 



-SO-. -SO^-, -C(CF3)2-. or -CCCHafe-. 



-(-CH2)3-Si(R^O-ISi(R7)2-OVSi(R«)2-{CH2)3- 



(6) 



wherein represents an alkyi group having from 1 to 4 carbon atoms such as a methyl group, ethyl group, propyl 
group butyl grotp, or the like, or aryl group having from 6 to 18 carton atoms such as a phenyl groip, naphthyl group, 
or the like, y denotes an integer of from 0 to 200, and represents an alkyi group having from 1 to 4 caitDon atoms 
such as a methyl group, ethyl group, propyl group, butyl group, or the like or aryl group having from 6 to 1 8 cartx>n atoms 
such as a phenyl group, naphthyl group, or the like. Alternatively, R^ may be a group represented by the following for- 
mula GO- 



0-[-SI(R®)2-0-t-Si(R®)2-R® 



(7) 



wherein R® represents an alkyi group having from 1 to 4 cariDon atoms such as a methyl group, ethyl group, propyl 
group, butyl group, or the like, or aryl group having from 6 to 18 carbon atoms such as a phenyl group, naphthyl group, 
or the like, and z is an integer of from 0 to 100. 

Given as examples of the compounds having two oxetane rings are the compounds represented by the foUowing 
formulas (8H10). 



20 



25 




(8) 



30 



35 



CH3 




(9) 



40 



45 




(10) 



50 



55 



wherein R^ represents the same group as defined in the formula (2). 

As examples of compounds having three or more oxetane rings, the compounds represented the formula (2) as 
descrtoed above, wherein is a polyfunctional organic group with a valence of from 3 to 1 0. such as linear or branched 
alkylene groups having from 1 to 30 cartx)n atoms or linear or k>ranched disiloxane or polysiloxane groups. Suitable 
examples of polyfunctional compounds include linear or branched poly(alkyleneQxy) groups, for example, alkoxylated 
trimethylolpropane. or linear or branched polysiloxane containirtg groups with 2-10 dimethyl stkixane groups. 

Examples of alkylene groups having a valence of 3 or more include trlmethyk)! alkane in which the alky! group has 
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from 1 to 6 caston atoms such as a methyl group, ethyl group, propyl group, or the like, perrtaerythritoi, d'qpentaerythrflol. 
glucose, and the like. 

Also, given as specific examples of the compounds having three or more oxetane rings are the compounds repre- 
sented by the folkTwring formula (11). 

5 

iCHj-CHj-C-CHj-O-CHj-CHj-CHa-SiCCHjlj-O-J^-Si (11) 

\ / - 
O 



15 Other useful compounds include polysitoxanes with pendant groups according to formula (2). 

In addition to the atxyve examples, the compound having oxetane rings used as compon^(A) may include com- 
pounds with a high molecular weight. e.g. a number average molecular weight reduced polystyrene of 1 .000 to 5.000, 
measured using gel permeation chromatography. Examples of such compounds are compounds in which of fonrnila 
(2) is e.g. methyl, ethyl or propyl, and In which is pdyethyleneglycol with a polymerisation degree of between 20-200. 

20 compounds according to formula (3) in which is polyTHF, or compounds which are based on alkoxylated pentaer- 
ythritd and the tike. 

Given as specific exanples of the compounds having an oxetane ring used as component(A) are the following com- 
pounds: 



25 Ck)nfpourxis havino one oxetane ring 



Typk»l exanrples of the compounds having one oxetane ring are as follows. 



3- ethyl-3-hydroxymethyloxetane 

30 ' 3-(meth)-allyloxymethyl-3-ethyfoxetane 

(3-ethyi-3-Qxetanylmethoxy)methylbenzene 

4- fluoro-[1-(3-ethyl-3-oxetanylmethoxy)methyObenzene 
4-methoxy-[1 -{3-ethyl-3-oxetanylmethoxy)methyl]benzene 
[ 1 -(3-ethyl-3-axetanylmethoxy)ethyl]phenyl ether 

35 - isobutOKymethyl(3-ethyl-3-CKetanylmethyl) ether 
isotx)myk>xyethyl(3-ethyI-3-Qxetanylmethyl) ether 
isobomyl(3-ethyl-3-oxetanylmethyl) ether 
2-ethylhexyl(3-ethyi-3-0Ketanytm6ttiyl) ether 
ethyldiethylene glycol (3-ethyf-3-oxetanylmethyl) ether 

40 ' dicydopentadiene (3-ethyl>3-oxetanytmethyl) ether 

dicyclopentenylQxyethyl(3-ethyl-3-oxetanylmethyl) ether 
dicyck)pentenyl{3-etfTy1-3-axetanylmethyl) ether 
t6tnahydrofurfuryl(3-ethyi-3-oxetanylmethyQ ether 
t^rabromopher^(3-ethyl-3-o(xetanylmethyf) ether 

45 - 2-tetrabromophenoxyethyl(3-€thy1-3-oxetany!metfiyl) ether 
trit)ronfK)phenyl(3-ethyl-3-QxetanylmethyO ether 
2-tribronr>ophenoxyethyl(3-ethyl-3-oxetanylmethyl) ether 
2-hydrQxyethyf{3-ethyl-3-oxetanylmethyi) ether 
2-hydrQxypropyl{3-ethyl-3-oxetanylmethyO ether 

50 - kxrtoxyethyt (S-ethyl-S-oxetanylmethyl) ether 

pentachk>rophenyl(3-ethyl-3-Qxetanylmethyl) ether 
pentabromophenyl(3-ethyl-3-oxetanyln)ethyl) ether 
bomyl(3-ethyl-3-ox6tanylmetfiyO ether 



55 Compounds having two or more oxetane rings 



Typical examples of the compounds having two or more oxetane rings are as lolbws. 
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- 3 .7HDls(3-oxetanyl) -5-oxa-nonane 

- 3,3'-(1 .3-(2-methylenyl)propanediylbts(Qxymethylene))-bts-(3-eth^^ 
1 ,4Ht)i5[(3-ethyl-3-0)(etanyline1hoxy)me^^ 

1 .2- b'ts[(3-ethyt-3-oxetanylmethoxy) methyQethane 

1 .3- bis[(3-ethy1-3K>xetanytmethoxy)methyqpropane 
ethylene glycol bis(3-ethyl-3-oxetanylmethyl) ether 
dicyclopentenylbis{3-ethyl-3-Qxetanylmethyl) ether 

• triethylene glycol bls(3«ethyl-3-oxetanylmethyO ether 

- tetraethylene glycol bis(3-ethyl-3-oxelanylmethyO ether 

- tricyclodecanediyldimettiylene bis(3-ethyf-3-oxetanylmethyO ether ^ 

- trimethylo^opane tris(3-ethyl-3-oxelanylmethyq ether 

- 1 .4-bis{3-ethyl-3-oxetanytmethyt)butane 

1 ,6-bis(3-ethyl-3-oxetanylmethoxy)hexane 
perrtaerythritol tris(3-ethyl-3-oxetanytmethyl) ether 

- pentaerythritol tetrakis(3-ethyl-3-oxetanylmethyl) ether 
polyethylene glycol bis(3-ethyl-3-oxetanylmethyl) ether 

- dipentaerythritol hexakis(3-ethyl-3-Qxetanylmetli^ 

• ether.d'pentaerythritol pentakis(3-ethyl-3-oxetanytmethyl) ether 

- dipentaerythritol tetrakis(3-ethyl-3-oxetanylmethyl) ether 

- capiolactone modified dipentaerythritol hexakis(3-ethyl-3-oxetanylmethyO ether 

- caprolactone modified dipentaerythritol pentakis(3-ethyl-3-oxetanylmethyl) ether 

- ditrimethylolpropane tetrakis(3-ethyl-3-oxetanylmethyO ether 
EO modified bisphenol A bis(3*ethyl-3-oxetanylmethyO ether 
PO modified bisphenol A bis{3-ethyl-3-QxetanylmethyO ether 

- EO modified hydrogenated bisphenol A bis{3-ethyl-3-oxetanylmethyl) ether 

- PO modified hydrogenated bis(3-ethyl-3-oxetanylmethyl) ether 

- EO modified bisphenol F bis(3-ethyl-3-axetanylmeflhyf) ether 

These compounds may be used either individually or In combinations of two or more. 

Among these, preferred conrpounds having oxetane rings, vvhich can be used as component (A) contained in the 
resin conposition of the present invention, are (3-ethyl-3-axetanylmethoxy)methylbenzene shown by the fcDrmula (12) 
illustrated below, 1,4-bis[(3-ethyl-3-Qxetanylmethoxy)-methyl]ben2ene shown by the fonnula (13) illustrated below, 1,2- 
fcHS(3-ethyl-3-oxetanylmethoxy)ethane shown Ijy the formula (14) illustrated below, trimethyiolpropane tris(3-elhyl-3- 
oxetanylmethyl) ether shown by the formula (15) illustrated below, and the compounds represented by ibrmula (16) 
shown below. 



EP0848 294A1 



(12) 



(13) 




(14) 




(15) 




-J 3 



R»t}_o SI o 

r 



(16) 



wherein represents the same group as defined in tiie formula (2). represents the same group as defined in the 
formula (7), R^"^ represents an alkyt group having from 1 to 4 cartx>n atoms such as a methyl group, ethyl group, propyl 
group, butyl group, or the like or a trialkylsilyl groups wherein the alkyi groups may be either the same or different and 
have from 3 to 12 carbon atoms, such as a trimetfiylsityl group, triethylsilyt group, trpropylsilyl group, or tributyisilyl 
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group, and 2* Is an integer from 1 to 10. 

These compounds having ox^ane rings may be used either individualty or in combinations of two or more. 

The proportion of component (A) in the resin composition of the present invention is usually 30-97% by weight, 
preferably 40-96% by weight and more preferably 50-95% by weight H the proportion of component (A) is too low, the 
5 rate (curing rate) of the cationic polymerization reaction is so reduced that molding time may be extended and the res- 
olution may tend to be lower. On the other hand, If the proportion of component (A) Is too high, there are tendencies 
that the toughness of the cured product is lower and the rate (curing rate) of the cationic polymerization reaction is 
reduced. 

10 (B) Compound having an epoxv ^ roup ^ 

A compound having an epoxy group (herein referred to as an epoxy compound) is employed as Component (B) of 
the photo-curat)le resin conposition of the present Invention. Preferably, the epoxy compound of the present Invention 
is a compound having an epoxy group and a number average nrolecular weight reduced to polystyrene of 1 .000-20,000. 

IS preferably 1,500-10,000. and nnore preferably 2,000-5.000, measured using gel permeation chromatography The 
molecular weight of this range is preferable to improve the characteristics of the resin composition, such as the viscosity 
of the resin composition, the period of time required 16r photo-fabrication, and the toughness of the cured product 

Examples of epoxy compounds suitable for ttie present invention are (1) epoxidated confounds obtained by a 
process which comprises epoxidating a double bond between cartx)ns of a corresponding compound having an ethyl- 

20 enically unsaturated bond using an appropriate oxidizing agent such as hydrogen peroxide or peroxy acid process (1): 
(2) polymers having an epoxy group prepared by a process which comprises polymerizing a radically polymerizatrfe 
monomer containing an epoxy group in a molecule process (2); and (3) compounds having an epoxy group prepared 
by a known process, e.g. a process comprising reacting a compound having a functional group, e.g. hydroxyl group, 
with epichlorohydrin process (3). 

25 In order to prepare compounds having an epoxy group preferably used as component(B). which have a number 
average molecular weight reduced to polystyrene of 1.000-20,000, a compound having a number average molecular 
weight of 1.000-20.000 may be used as the raw material compound having an ethylenically unsaturated bond when 
usirig the above process (1). When using tiie process (2), a known method may be used to prepare a polymer with a 
desired polymerization degree. Also, when using the process (3), a compound having a number average molecular 

30 weight reduced to polystyrene of 1 ,000-20,000 may be used as the raw material compound having a functional group, 
e.g. frydroxyl group. 

Given as typical examples of the epoxkJated compounds of above-mentioned (1) are polymers of conjugated diene 
monomers, copolymers of conjugated diene monomers arxi compounds having an ethylenically unsaturated bond, 
copolymers of diene monomers and compounds having an ethyienk»ily unsaturated bond, and compounds prepared 

35 by epoxidating a copolymer such as natural mbber. More particulariy. examples of these compounds are conpounds 
produced by epoxkJating a polymer of conjugated cBene monomers such as a butacfiene nwnomer or isoprene mono- 
mer; compounds prepared by epoxidating a copolymer of a conjugated diene monomer and a compound having an eth- 
ylenically unsaturated bond, e.g. ethylene, propylene, butene. isobutylene. styrene; compounds prepared by 
epoxidating a copolymer of a compound having an etitylenically unsaturated lx>nd arxi a diene moruxner, e.g. dlcy- 

40 doperrtadiene; and compounds prepared by epoxidating a double bond contained in the molecule of rubber and the 
like. Conwnerdally available epoxidated polybutadiene products include Poly bd R-45 EPI (manufactured by Idemitsu 
Petrochemical Co., Ltd.), R-15EPI, R-45EPI (manufactured by Nagase CJhemicals Ltd.), and Epdead PB3600. PB4700 
(manufactured by Dak:el Chenw^l Industries Ltd.). 

Oven as examples of commercially available products of epoxidated compounds of a butadiene-styrene copolymer 

45 are Epofriend ESBS AT014, AT015, ATOOO (manufactured by Dafcel Chemical Industris Ltd.). 

Given as examples of the polymer of the atx>ve-merrtioned process (2) having an epoxy group are homopolymers 
produced from monomers such as glycldyl (meth)acrylate. vinylcydohexene oxide. 4-vinylepQxycyclohexane, 3.4-epox- 
ycydohexylmethyl (meth)acrylate, or caprolactone modified 3.4-epoxycydohexylmethyl (nrteth)acrylate. and copoly- 
mers of these monomers arxl other vinyl monomers. The number average molecular weight of these compounds is in 

so the range of 1 ,000-20,000 as converted into polystyrene. 

Given as examples of the compounds of the above-mentioned process (3) having an epoxy group prepared by the 
reaction of a compound having a functional group such as a hydrcwyl group and epichlorohydrin are compounds pre- 
pared by the reaction of polytxrtadiene having hydroxyl groups at both terminals and epichlorohydrin. 

Given as examples of commercially availat>le products of the compounds of the atwve-mentioned process (3) are 

55 Poly bd R-45 EPT (manufactured by kJemitsu Petrochemical Co.. Lto.). and R-15EPT. R-45EPT (manufactured by 
Nagase Chemicals Ltd.). The number average molecular weight reduced to polystyrene of these compounds is in the 
range of 1 ,000-20,000. Among these examples of the compounds having an epoxy group. Poly bd R-45 EPI. R-15 EPI. 
R-45 EPI, and Epolead PB3600, PB4700 are preferable lor use as component (B). 
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The above ^3Qxy compounds may be used as componerrt (B) either individually or in combinations of two or more. 

The proportion of componerrt (B) in the resin composition of the present invention is usually 3-50% weight pref- 
erably 4-40% by weight, and more preferably 5-30% by weight If the proportion of component (B) is too low, the rate 
(curing rate) of the cationic polymerization reaction is so reduced that molding time may be extended and the resolution 
and toughness of the cured product may tend to be reduced. On the other hand, if the proportion of component (B) is 
too high, the viscosity the resin composition is increased and molding time may tend to be prolonged. 

(C\ Cationic photo-initiator 

The cationic photo-initiator (hereinafter may be called from time to time component (C)) contained in theresin com- 
position of the present invention is a compound capable of generating a molecule initiating cationic polymerization of 
components (A) and (B) upon exposure to radiation such as light. 

Given as especially preferred examples of the cationic photo-initiator are onium salts represented by the following 
fornnjla (17). which are compounds releasing Lewis acid on exposure to tight: 

[R^2^R^^R^^R^^dWl*'"IMXn^-'" (1 7) 

wherein the cation is an onium ton; W represents S, Se, Te. R As. Sb. Bi. O. I. Br. CI. or N=N; R^^, R^^' R^^» and R^^ 
represent individually the same or different organic group; a. b. c. and d independently represent an integer from 0 to 
3. and provided that a'fi>fC-Kl is equal to the valence number of W. M represents a metal or metalloid which constitutes 
a center atom of a halide complex. Typical examples of M are B, P. As, Sb, Fe, Sn. Bi, Al. Ca. In, Ti. Zn. Sc, V. Cr. Mn. 
and Ca X represents a halogen atom such as a fluorine atom, chlorine atom, or bromine atom, m is a suksstantial elec- 
tric charge of the halide complex ion and n is the valence of M. 

Given as typical examples of the onium salts represented by the formula (17) are diphenyliodonium. 4-methQxy- 
diphenyliodonium. bis(4-methy4>henyl)iodonium, bis(4-tert-butylphenyi)iodonium, bis(dodecylphenyl)iodonium. triphe- 
nytsulfonium, dtphenyl-4-thiophenoxypheriylsutfonlum,bis[4-(diphenylsuHbnio)-^ t3is[4-(di(4-(2- 
hydroxyethyl)phenyl)sulf6nio)-phenyQsuifide, and Ti^-2,4-(cyclopentadienyi)-[(1 .2.3,4,5.6-ii)-(methylelhyl)-benzene]- 
iron(1 +). 

Given as specific examples of the negative ion (MX^^n) atwve formula (1 7) are tetrafluoroborate (BF4 ). hex- 
afluorophosphate (PFg ). hexafluoroantimonate (SbPg ). hexafluoroarsenate (AsFq ), and hexachloroantimonate 
(Sbas). 

Also, onium salts represented by the general formula (MXn(OH)T (wherein M. X, and n are the same as defined in 
formula (17)) can be used instead of those represented by the formula [MXn+^. Further, onium saHs including a nega- 
tive ion, for example, perchloric acid ion (CIO4 ). trtfluoromethane sulfonate ion (CF3SO3'), fluorosulfbnate ion (FSO3'), 
toluene sulfonate ton, trinitrobenzene sulfonate negative ton, and trinitrotoluene sulfonate ion, are given as other exam- 
ples of onium salts. 

Further, aromatto onium salts can be used as the cationto photo-initiator (C). Among these aromatic onium salts, 
the following compounds are preferred: aromatic halonium salts described, for example, in Japanese Patent Applica- 
tions Laid-open ^4o. 151996/1975 and No. 158680/1975; VIA group aromatic onium salts descrtoed. for example, in 
Japanese Patent Applications Laid-open Na 151997/1975. 30899/1977, fvto. 55420/1981, and No. 125105/1980; VA 
group aromatic onium salts described, for example, in Japanese Patent Application Laid-open Na 158698/1975; 0x0- 
suHbxonium salts descrit)ed. for example, in Japanese Patent Applications Laid-open No. 8428/1 981 . No. 1 49402/1 981 . 
arKi Na 192429/1982; aromatic diazonium salts described, for exanrple. in Japanese Patent Application Laid-open No. 
17040/1974; and thiopyrytium salts described in the specification of USP No. 4,139,655. Iron/allene complex and alu- 
minium complex^hoto-deconriposat)le silica conpound initiators are also given as examples of the ordum salts. 

Preferred examples of commercially available products of the cationic photo-initiator which can be used as compo- 
nent (B) are UVI-6950. UVI-6970(bisI4-(di{2-hydraxyethyOphenyOsulfonto]phenylsulf ide). UVl-6974 (bis[4-diphenylsul- 
fonio)pheny1]sulfid^shexafluoro-antimonate. UVI-6990 (hexafluorophosphate salt of UVl-6974) (manufactured by 
Union Carbide Corp), Adekaoptomer SP-151. SP-170 (bisI4-(di(4-(2-hydroxyethyl)phenyl)sulfonioJ-phenylsul fide), SP- 
171 (manufactured Asahi Denka Kogyo Co.. Ltd.). Irgacure 261 (Ti^-2,4-(cyclopentadien-l-yO-K1.2.3,4,5.6-n)-(1- 
methylethyl)benzeneHron(1 -i-)-hexafluorophosphate(1-}) (manufactured by Ciba Geigy), CI-2481, CI-2624, CI-2639, 
Cl-2064 (manufactured by Nippon Soda Co., Ltd.), CD-1010. CD-1011. CD-1012 (4-(2-hydroxytetra-decanyloxy)- 
diphenytiodonium hexafluoroantimonate (manufactured by Sartomer Ca. Ltd.). DTS-102. DTS-103. NAT-103. NDS-103 
((4-hydroxynaphtiTyl)-dimethylsulfonium hexafluoroantimonate), TPS-102 (triphenylsulfonium hexafluoroantimonate). 
TPS-103 (triphenylsulfonium hexafluoroantinxKiate). MDS-103 (4-methaxyphenyldiphenylsulfc)nium hexafluoroanti- 
monate), MPI-103 (4-methQxyphenyliodonium hexafluoroantimonate), BBI-101 (k)is(4-tert-butylphenyl)iodonium 
tetrafluoroborate). BBI-102 (bis(4-tert-butylphenyl)iodorttum hexafluorophosphate). BBI-103 (bis(4-tert-phenyl)iodo- 
nium hexafluoroantimonate), (manufactured by Midori Chemical Co., Ltd.), and Degacure K126 (bis[4-(diphenylsu}fo- 
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nio)-phenyf]su}fide bishexafluorophosphate) (manufactured by Degussa Ltd.). Among these. UVI-6970, UVI-6974. 
Adekaoptomer SP-170, SP-171, 00-1012, MPI-103 are particularty preferred. However, this invention is not limited to 
these examples. 

The above-mentioned cationic photOHnitiators can be used as connponent (C) either individually or in comtMnat'ons 
of two or nrxye. 

The proportion of component (C) in the resin composition of the present invention is 0. 1-1 0% t^y weight prefefat)ly 
0.2-5% by weight, and more preferal3»y 0.3-3% by weight If the proportion of component (C) is too low. the photo-curing 
characteristic of the resin composition obtained is insufficient It is becomes dfficult to form a three-dimensional object 
having sufficient mechanical strength from such a resin composition. Similarly, rf the proportion of component (C) is too 
high, it becomes difficult to obtain the appropriate light capability (curing depth) when the resulting resin conposition is 
used in tiie photo-fabrication process. In additioa the mechanical strength such as toughness of the tfiree<limensional 
object prepared from such a resin composition tends to be reduced. 

Qptign a i componen ts 

In addition to the above essential components (A) to (C). other components may be incorporated into the photo- 
curatjle resin composition of the present invention as required to the extent that the effects of this invention are not 
adversely affected. For example, cationically potymerizable organic compounds other than components (A) and (B) 
may be given. A cationically polymerizable compound is defined as a compound having an organic group which can 
polymerize or crosslink by photo-irradiation in the presence of an add or a cation. Such cationically polymerizable 
organic compounds include epoxy compounds other than component (B), oxolane compounds, cydic acetal com- 
pounds, cydic lactone compounds, tiiiirane compounds, thietane compounds, vinylether compourKls. spiro-ortho ester 
compounds which are reaction products of an epoxy compourKi and lactone, ethylenically unsaturated conrpourxte, 
cyclic ether compounds, cydic thioether compounds. arxJ vinyl compounds. 

Examples of epoxy compounds other than component (B) are in particular, epoxy compourxis with a molecular 
weight of less than atx)ut 1 000 which include alicydic epoxy compounds such as 

3.4-epQxycyclohexylmetiiyl-3*.4'-epaxy-cydohexane cartxxxytate. 

2-(3.4-epoxycyclohexy}-5,5-spiro-3 ,4-epoxy)cydoh6xane-metha-dioxane. bis(3,4-epoxy-cydohexylmethyl)adlpate, 
vtnytcydohexene oxide, 4-vinyl epoxycydohexane, bis(3.4-epoxy-6-metfiylcydohexylmethyI) adipate, 3.4-epoxy-6- 
methyl 

cydohexyl-3',4'-epoxy-6*-methyl-cydohexane cari&oxylate. methylenebis(3,4-epoxy- cydohexane). dicydopentadi- 
ene diepoxide. di(3.4-epoxy- cydohexylmethyt) ether of ethylene glycol, ethylene-bis(3.4-epoxycydohexanecar- 
boxylate). epoxidated tetrabenzyl alcohol, lactone modified epoxidated tetrahydrobenzyl alcohol, cyclohexene 
oxide, btsphenol A diglycidyl ether, bisphenol F diglycidyt ether, bisphenol S diglyddyl etiier, bisphenol A diglycidyl 
ettier, bisphenol F diglycidyl ether, bispherx)! S dig^ddyl ether, hydrogenated bisphend A diglycidyl ether, hydro- 
genated bisphenol F diglyddyl ether, hydrogenated bisphend AO diglycidyl ether, brominated bisphenol A diglyd- 
dyl ether, brominated t>isphenol F cfiglyddyi ether, bromir^ted bisphend S diglycidyl ether, an epoxf novolac resin. 
1.4-butanediol diglycidyl ether. 1 .6-hexanediol diglyddyl ether, glycerol trigtycidyl etiier, trimethytolpropane triglyd- 
dyl ether, polyethylene glycol diglyddyl etiier, polypropylene glycol diglyddyl ethers; polyglycidyl ethers of pdyether 
polyol obtained by adding one or more alkylene oxide to alphatic pdyfiydric alcohol such as ethylene glycol, pro- 
pylene glycol, or glycerol; diglyddyl esters of aliphatic long chain dibasic acid; monoglycidyl ethers of aliphatic 
higher alcohol; monoglycidyi ethers of phenol, cresd. butyl phenol, or polyether alcohd obtained by addition of 
alkylene oxide to phenol, cresol. or butyl phenol; glyddyl esters of higher fatty add; epoxklated soybean oil, butyl 
epoxystearate. octyl epoocystearate. epoxidated polybutadiene, and epoxidated linseed oil. 

Other cationically polymerizable compounds which can be additionally used are oxolane compounds such as tet- 
rahydrofuran and 2,3-cfimethyftetrahydrof uran; cydic acetals such as trioxane. 1 ,3-dioxolane. arxl 1 ,3.6-triaxan cyctooc- 
tane; cydic lactones such as p-propidactone and c-caprdactone; thiiranes such as ethylene sulfide. 1.2-propylene 
sulfide, and thk>epychk)rohydrin; thiethanes such as 3,3-dimethyl thiethane; vinyl ethers such as ethylene glycd divinyl 
ether, triethylene glycol divinyl ether, and trimethylolpropane trivinyl ether; spiro-ortho esters whk;h are obtained by a 
reaction of epoxy compound and lactone; etfiylenically unsaturated compourKls such as vinyl cydohexane. isobutylene. 
arKi polytxjtacfiene; arxl their derivatives. 

The resin composition of the present invention rnay contain polyols for developing photo-curability of the resin com- 
position, and the shape stability (resistance to deformation with time) and characteristic stability (resistance to change 
in mechanical performarK^e with time) of the three-cfimenstonal object obtained from the resin composition. The pdy- 
ether polyol has three or nx>re. preferably from 3 to 6 hydroxy! groups in one molecule. If polyether polyds (polyether 
diols)having less than three hydroxyl groups are used, the object of developing the photo-curing characteristics can not 
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be achieved and a three-dimensional object with sufficient mechanical strength can not be produced. On the other 
hand, if potyether poiyols having 7 or more hydroxyl groups are used, the elongation and toughness of the three<fimen- 
sional object obtained from the resn composition tends to be lower. 

Specific examples of suitatrfe poiyols are polyether poiyols prepared by modifing polytiydric alcohol of more than 3 
valences such as trimethylolpropane. glycerol, pentaerythritol, sortxtol. sucrose, quodord. or the like by a cyclic ether 
compound such as ethylene oxide (EO). propylene oxide (PO). butylene oxide, tetrahydrofuran. or the like; caprolactone 
poiyols prepared by modifying caprolactone: and polyester pofyots prepared by modifying polyesters consisting of a 
dibasic acid and a diol. Specific examples of such polyether poiyols are EO modified trimethylolpropane, PO modified 
trimethylolpropane. tetrahydrofuran nrxxlified trimethylolpropane. caprolactone modified trimethylolpropane, EO nrxxJi- 
fied glycerol. PO mocfified glycerol, tetrahydrofuran modified glycerol, caprolactone modified glycerol, EO modified pen- 
taerythritol. PO modified pentaerythritol. tetrahydrofuran modified pentaerythritol. caprotactorm* modified 
pentaerythritol. EO nrxxiified sorbitol. PO modified sorbitol, caprolactone modified sortxtol. EO modified sucrose. PO 
nrxxlified sucrose, and EO modified quodor. Among these. EO nrxxiified trimethylolpropane. PO mocfified trimethylolpro- 
pane. caprolactone mocfified trimethytolpropane. PO modified glycerol, caprolactone modified glycerol, and PO mocfi- 
fied sorbitol are preferred. However, the present invention is not limited to these examples. 

Specific examples of commercially availal5le products (poiyols) are Sunnix TP-400, Sunnix GP-600. Sunnix GP- 
1000. Sunnix SP-750, Sunnix QP-250, Sunnix GP-400. Sunnix GP-600 (manufactured by Sanyo Chemical Industries, 
Ltd.), JMP-3 Glycol, PNT-4 Glycol, EDA-P-4, EDA-P-8 (manufactured by Nippon Nyukazai Co.. Ltd.), G-300. G-400, G- 
700. T-400. EDP-450. SP-600. SC-800 (manufactured by Asahi Denka Kogyo Co.. Ltd.). TONE 0301. TONE 0305, 
TONE 031 0 (manufactured by Union Carbide Corp.). and PLACCEL 303. PLACCEL 305, PLACCEL 308 (manufactured 
by Daicel Chemical Industries, Ltd.). 

The resin composition of the present invention may include an ethylenlcally unsaturated monomer, which is a rad- 
ically pdymerizable corrpound. to improve the mechanical strength of the cured product and to reduce the time 
required fbrfatxication. The ethylenically unsaturated monomer is a connpourxi having ethylenically unsaturated groips 
(C=:C) in the molecule. Given as typical examples of component (C) are mono-functional monomers having one ethyl- 
enically unsaturared bond in one molecule, and polyfunctional monomers having two or more ethylenically unsaturated 
bonds in one molecule. 

Examples of mono-functional monomers are acrylamide. (meth)acryloyl nx)rpfx>line, 7-amino-3,7-dimethyloctyl 
(meth)acrylate. isobutoxymethyl (m6th)acrylamide, isobornytoxyethyl (meth)acryiate, isobornyl (meth)acrylate, 2-ethyl- 
hexyl (meth)acrylate. ethyldiethylene glycol (meth)acrylate, t-octyl (meth)acrylamide, diacetone (meth)acrylamide, 
dimethylaminoethyl (meth)acrytate. diethylaminoethyl (meth)acrylate, lauryl (meth)acrylate. dicydoperrtadiene 
(meth)acrytate. dicydopentenyloxyethyl (meth)acrylate, dicyck)pentenyl (meth)acry1ate, N.N-dimettiyl (meth)acryla- 
mide tetrachlorophenyl (meth)acrylate. 2-tetrachlorophenQxyethy1 (meth)acrylate. tetrahydrofurfuryl (meth)acrylate. 
tetrabromophenyl (meth)acryfate. 2-tetrabromophenoxyethyl (meth)acrylate. 2-trichlorophenoxyethyl (meth)acrylate. 
trilxomophenyl (meth)acrylate. 2-tra)romophenoxyethyl (meth)acrylate, 2-hydrcxyethyl (meth)acrylate. 2-hydroxypropyl 
(meth)acrylate, vinyl caprolactam. N-vinyl pyrrdidone, phenoxyethyl (meth)acrylate, butoxyethyl (meth)acrylate. pen- 
tachlorophenyt (meth)acrylate. pentabromophenyl (meth)acrylate. polyethylene glycol mono-(meth)acrylate. polypro- 
pylene glycol mono-(meth)acrylate. bomyl (m6th)acrylate, methyltriethylene diglycol (m6th)aaYtate, atkoxylated alkyi 
phenol acrylate, the (jpoiy)caprolactone acrylate ester from mettiytol-tetrahydrofuran and the (poly)caprolactone acr- 
ylate ester from alkyiol^lioxane. These compounds may be used either individually or In combinations of two or more. 

Amor^g these monofunctk^nal monomers, isobornyl (meth)acrylate, lauryl (meth)acrylate, and pherK>xyethyl 
(metii)acrylate are particulariy preferred, although the present invention is not limited to these examples. 

Exanples of commercially available products of monofunctional nx>nomers are Aronix M-101. M-102. M-1 1 1. M- 
113, M-117. M-152. TD-1210 (manufectured by Toagosei Chemical Industry Co.. Ltd.), KAYARAD TC-110S, R-564, R- 
128H (manufactured by Nippon Ks^aku Ca. Ltd.). and Viscoat 192. Viscoat 220. Viscoat 2311 HP. Viscoat 2000, Vis- 
coat 2100. Viscoat 2150. Viscoat 8F. Viscoat 1 7F (manufactured by Osaka Organic Chemical Industry Co.. Ltd.) 

Pr^rred examples of polyfunctional monomers are ethylene glycol di(meth)acrylate. dicydopentenyl di(metii]acr- 
ylate, triethylene glycol diacrytate. tetra ethylene glycol di(meth)acrylate. tricyclodecanediyt-dimethylene di(meth)acr- 
ylate. tris(2-hydroxyethyQ isocyanurate di(nr^th)acrylate, tris(2-hydroxyethyl) Isocyanurate tri(meth)acrylate, 
caprolactone modified tris(2-hydraxyettiyO isocyanurate tri(meth)acrylate. trimethytolpropane tri(meth)acrylate. EO 
nnodified trimetfiyk)lpropane tri(meth)acrylate. PO modified trimethylolpropane tri(meth)acryiate. tripropylene glycol 
di(metii)aaylate. neopentyl glycol di(meth)acrylate. both terminal (metti)acrylic acid adduct of bisphenol A diglyctdyl 
ether. 1.44xjtanediol di(meth)acrylate. 1.6-hexanecfiol di(meth)aayiate. pentaerythritol tri(meth)acrylate. pentaerythri- 
tol tetra(meth)aaylate, polyester di(meth)acrylate. polyethylene glycol dl(meth)acrylate, dipentaerythritol 
hexa(meth)acrylate, dipentaerythritol penta(meth)atcrylate. cfipentaerythritol tetra(meth)acrylate, caprolactone modified 
dipentaerythritol hexa(meth)acrylate. caprolactone modified dipentaerythritol penta(meth)acrylate. ditrimethylolpro- 
pane tetra(m^)acrylate. EO modified btspherxil A di(meth)acryiate. PO modified b^phenol A di(m6th)acrytate. EO 
modified l^rogenated bisphenol A di(meth)acrylate. PO nrxxJified hydrogenated bisphenol A cfi(meth)acrylate. EO 
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modified bisphenol F di(meth)acrylate, and phenol novotac polyglyddyl ether. These compounds may be used either 
individually or in combinations of two or more. 

"mese pdyfunctional monomers can be selected from the above-mentioned tri{meth)acrylate compounds, 
tetra(meth)acrylate compounds. penta(meth)acrylate compounds, and hexa(meth)acrylate compounds. Among these, 
prefen^ed pdyfunctional monomers are trimethyldpropane tri(meth)acrylate. EO modified trimethylolpropane 
tri(meth)acrytate, PO modified trimethylolpropane tri(meth)acrylate. pentaerythritol tri(meth)acrylate. pentaerythritol 
tetra(meth)acrylate. dipentaerythritol hexa(meth)acrylate. cfipentaerythritol penta(meth)acrylate, diperrtaerythritol 
tetra(meth)acrylate. caprolactone modified dipentaerythritol hexa(meth)acrytate. caprolactone modified dipentaerythri- 
tol penta(meth)acrylate, and ditrimethylolpropane tetra(meth)acrylate. However, the present invention is net limited to 
these example 

Given as commercially available products of these polyfunctional monomers are SA1002 (manu&ctured by Mit- 
subishi Chemical Corpi), Viscoat 195. Viscoat 230. Viscoal 260, Viscoat 21 5. Viscoal 310. Viscoat 214HP. Viscoat 295, 
Viscoat 300. Viscoal 360. Viscoat GPT. Viscoat 400, Viscoat 700. Viscoat 540, Viscoat 3000, Viscoat 3700 (manufac- 
tured by Osaka Organic Chemical Industry Co.. Ltd.), KAYARAD R-526. HDDA. NPGDA. TPGDA, MANDA, R-551 , R- 
712. R-604. R-684, PET-30, GPO-303. TMPTA. THE-330. DPHA. DPHA-2H. DPHA-2C. DPHA-21. D-310. D-330. 
DPCA-20. DPCA-30. DPCA-60, DPCA-120. DN-0075. DN-2475. T-1420. T-2020. T-2040. TPA-320. TPA-330. RP-1040. 
RP-2040. R-011, R-300. R-205 (manufactured by Nippon Kayaku Co.. Ltd.). Aronix M-210, M-220. M-233. M-240, M- 
215. M-305, M-309. M-310. M-315, f^-325. M-400, M-6200. M-6400 (manufactured by Toagosei Chemical Industry Co., 
Ltd.). Ught acrylate BP-4EA. BP-4PA, BP-2EA. BP-2PA, DCP-A (manufactured by Kyoeisha Chemical Industry Co.. 
Ltd.). New Frontier BPE-4, TEICA. BR-42M. GX-8345 (manufactured by Daiichi Kogyo Seiyaku Ca. Ud.), ASF-400 
(manufactured by Nippon Steel Chenrtical Ca, Ltd.), Ripoxy SP-1506, SP-1507. SP-1509, VR-77. SP-4010, SP-4060 
(manufactured by Showa Highpolymer Ca, Ud.). and NK Ester A-BPE-4 (manufactured by SWn-lslakamura Chemical 
Industry Co.. Ltd.). 

When compounding an ethylenically unsaturated monomer into a resin composition, a radical photo-initiator is usu- 
ally added to the resin composition to initiate the racfical polymerization reaction of the ethylenicaify unsaturated mon- 
omer. The radical photo-initiator is a compound which decomposes and generates radicals by photo-irradiation and 
initiates a radical reaction of the ethylenically unsaturated nrxxiomer by generating free radicals. Conventionally known 
radical photo-initiators may be used in the present inventk>n. 

Specif examples of radkal photo-initiators are acetophenone, acetophenone benzyl ketal. anthraqulnone. 1-(4- 
isopropylphenyl)-2-hydroxy-2-methylpropan-1-one. cart>azole. xanthone, 4-chlorobenzo-phenone. 4,4*-dianrtinobenzo- 
phenone. 1.1-dimethoxydeoxyt>enzoin, 3,3*-dimethyl-4-methoxybenzophenone, thioxanethone compounds, 2-methyl- 
1-4-(methylthio) phenyl-2-morpholino-propane-2-on. 2-benzyl-2-dimethylanriino-1-(4-morpholinophenyO-butan-1 -one. 
triphenylamine. 2.4.6-trimethyIbenzoyl diphenylphosphine oxides, bis (2,6<limethoxyt)enzoyl)-2,4.4-tri-methylpentyl- 
phosphine oxide, benzyl dimethyl ketal. 1 -hydroxycyctohexyl phenyl ketone. 2-hydroo(y-2-me1hyl-1-phenylpropane-1- 
one, f luorenone. fluorene. benzaWehyde, benzoin ethyl ether, benzoin propyl ether. t)enzophenone. Michler's ketone. 3- 
methylacetophenone. 3,3*. 4,4'-tetra (t-butyt peraxycartx)nyi) benzophenone (BTTB), and combined compositions of 
BTTB and xanthene. thioxanthene. cumarin. ketocumarin or other cotoring matter photosenstttzer. Among these, benzyl 
dimethyl ketal. l-hydroxycydohexyl phenyl ketone, 2.4,6-trimethy&>enzoyl diphenylphosphine oxide, 2-benzyl-2KJimeth- 
ylamino-1-(4-morphoiinophenyl)-butan-1 -one. and the like are particularly preferred. However, tiie present invention is 
not limited to these examples. 

Additives ether tfian the cationfcally polymerizaUe compound and the radical photo-initiator, whrch may be 
enployed in the resin composition as required, are photosensitizers (polymerization promoters) of amine compounds 
such as triethanolamine. methyl dietiianolamine. triethylamine, diethytamine; photosensitizers iriduding thioxantone or 
its derivatives, anthraquinone or its derivatives, anthracene or its derivatives, perlllene and its derivatives, benzophe- 
none, benzoin isopropylelher. and the like; and reaction diluents such as vinyl ether, vinyl sulfide, vinyl uretiiane, or vinyl 
urea. 

Other additives include polymers or oligomers, such as epoxy resins other than the above-mentioned compound 
having an epoxy group used as component(B) and other epoxy compounds, polyamide. poiyamideimide. polyurethane. 
polytxjtadiene. polychloroprene. polyether. polyester, styrene-butacfiene-styrene block copolymer, petroleum resin, 
xylene resin, ketone resin, cellulose resin, fluorine oligomer, silicon oligomer, and polysutfide oligomer; polymerization 
inhit)itors such as phenothiazine or 2,6-di-t-butyl-4-methyl pherxrf, polymerization initiation adjuvants, age resisters. lev- 
eling agents, wettability improvers, surfactants, plasticizers, UV stabilizers, UV absorbers, silane coupling agents, pig- 
ments, dyes and the like. Alsa the resin composition of the present invention may include inorgank: fillers, organk: 
fillers, or the lito. Specif k; examples of the above inprgank: fillers are solid microparticles of inorganic conpounds. such 
as glass beads, falc miaopartides, and sIFicon oxide, and whiskers of basic magnesium sulfonate, aluminum oxkJe. or 
silicon oxide. Specific examples of the above organic fillers are organic solid micropartides of crosslinked polystyrene 
high polymer, crosslinked polymettiacrylale high polymer, aosslinked polyethylene high polymer, and aosslinked poly- 
propylene high polymer. Also, products from such inorganic fillers or organic fillers treated with a silane coupling agent 
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such as aminosilane, epoxysilane. and acrytsilane can be utilized. 

Typically, compositions off the present Invention will have a dimensional accuracy value off less than 0.1 5. prefferably 
less than 0.12. more preferable less than 0.10 mm (reference dinriensional accuracy test procedure, below). 

The curatMlity of the resin compositions of the present invention, as measured by the difference in Young's modulus 
5 at diffferent curing doses is substantially the sama The resin composition preferably is formulated to have a Young's 
modulus after curing off a fOm, off 80 kgMvn^ or higher, preferably fo 100 kg/mm^ or higher. Generally, the Young's mod- 
ulus of a cured film will be about 400 kg/imi? or less. Typically, this \bung's modulus is substantially the same when 
exposed to an inadiation dose off 1 00 and 500 mJ/cm^, which means that the difference between the two Young's mod- 
ulus Is less than 20%. nx>re preferat>ly less than 10% of the highest value measured. When the resin composition is 
10 cured at 1 00 mJ/cm^ and 500 mJ/ori^, the difference in Young's modulus Is typically less than 25. preferably less than 
1 0. and more preferably is 4 kgAnm^ or less (reference test procedure, below). 

The tensile elongation of the cured film preferably is between about 10-40%. more preferablyp between about 13- 
30%. 

IS Preparation o f Resin conrposition 

The resin composition of the present invention can be n^anuffactured by honx)geneously blending the above-men- 
tioned components (A) to (C). the optional components which are added as required, and the various adcfitives. 

The resulting resin compositions are useful for photocurable resin compositions for photo-fabrication. It Is desirat)le 
20 for the photo-curable resin composition of the present invention to possess a viscosity at 25*'C in the range of 50-1 0.000 
cps, preferably 100-5.000 cps. 

Photo-fabricating process 

25 The photo-curaWe resin composition of the present inverrtlon prepared in the manner discussed herein is suitable 
as a photo-curable (liquid) material used in photo-labrication processes. Specifically, a three-dimensional object with a 
desired shape can be obtained by using the photo-fabrication process, including selectively irradiating visible light, ultra- 
violet light, or infrared light on the photo-curable resin composition of the present invenbon. and feeding the energy 
required to cure the resin composition. 

30 Various means may be used to selectively irradiate the photo-curable resin composition with light with no specific 
limitations. Such light irradiation means include, for example, a laser beam, a means fbr Irradiating the composition with 
light and the like converged by a lens, mirror, or the like, while scanning, a means irradiating the composition with non- 
convergent light through a mask provided with a fixed pattern through which light Is transmitted, and a means for irradi- 
ating the composition with light via a number of optical fibers bundled in a light conductive member corresponding to a 

55 fixed pattern. In the means usir^ a mask, a mask electrooptically produces a mask image consisting of a light transmit- 
ting area and non-light-transmitttng area according to a prescribed pattern t>y the same theory as that of the liquid crys- 
tal display apparatus. A means using a scanning laser beam with a small spot size is preferred fbr s^ectively irradiating 
the resin composition with light when a resulting threeKlimensional object possesses minute parts or when high dimen- 
sk>nal accuracy is required to form the three-dimensional object 

40 In the above means, the irradiated surface (for example, a plane scanned by light) of the resin composition placed 
In a vessel ts either the liquid surface of the resin composition or the Interface of the liquid and a translucent wall of the 
vessel. When the irradiated surface Is the liquid surface or the interface off the liqukJ and the wall off the vessel, the light 
can be shone directly out of the vessel or through the vessel. 

In the above photo-fabrication process, a desired solid shape can be made by curing fflxed parts off the resin com- 

45 position and then moving the light spot from the cured parts to the uncured parts continuously or stepwise to laminate 
the cured parts. There are various methods for nricving the light spot, fbr example, a method fbr moving any of the light 
source, the vessel for the resin compositioa or the cured parts of the resin compositk>n. Also there is a method in which 
a fresh resin corrposition is supplied to the cured resin compositk)n in the vessel. 

Illustrating a typical photo-ffat>rication process, the surface of a support stage capable of being optionally elevated 

so in the vessel is sightly lowered from the liquid surface to form a thin layer (1) of the resin composition. The thin layer (1 ) 
is selectively irradiated with light to form a solid cured resin layer (I"). The resin composition Is supplied over this thin 
layer (1 ") to form a second tNn fayer (2). and this thin layer (2) is selectively irradiated with light to laminate a new solid 
cured resin layer (2*) on the thin fayer (1 •). This step is repeated fbr a presaibed number of times, with or vwthout chang- 
ing the pattern subjected to light irradiation, to produce a three-dimensional object consisting of a multiple number of 

55 curedresinfayers(1')to(n') which are irrtegrally laminated. 

The three-dimensional object fiabricated in this manner is discharged from the vessel and processed to remove the 
unreacted photocurable resin compositk>n remaining on the surface, and washed by a solvent, as required. Given as 
examples of solvents are an organk: solvent whch is represented by an alcohol, such as Isopropyt ateohol or ethyl ateo- 
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hoi. an organic solvent such as acetone, ethyl acetate, methylethyl ketone, an alqshatic organic solvent such as a ter- 
pene. or a low viscosity liquid thermosetting resin or photo-curable resin. 

When forming a three-dimensional object with a smooth surface, it is desirable that the cured product be washed 
using the thermosetting resin or photo-curable resin. In this case, it is necessary to post-cure the product by heat emis- 
ston or light irradiation depending on the type of solvent used in the washing stage. This post-curing treatment is effec- 
tive not only for curing the resin remaining uncured on the surface of the laminated body, but also for curing the resin 
composition which remains uncured inside the laminated k>ody. Thus, the po^-curing treatment is also effective in the 
case where the fabricated three-dimensional object is washed with an organic solvent. 

The three-dimensional object obtained in this manner has high mechanical strength, high dimensional accuracy, 
and excellent heat resistance. Also, the three-dimensional object exhibits high stabifity in nnaintaining afbced shape and 
lasting stable properties. Therefore, the three<fimensional object prepared from the resin composition is preferably 
used fbr trial mechanical parts for confirming the functions. 

It is desirable to cover the surface of the three-dimensional object by a heat-curable or photo-curable hard coating 
agent to improve the strength and heat resistance of the surface. As such a hard coating agent, an organic coating 
agent such as acrylic resin, epoxy resin, silicone resin, or the like, or an inorganic coating agent can be used. These 
hard coating agents may be used individually or in combinations of two or mora 

EXAMPLES 

The present invention will be expfained in more detail by way of examples, which are not intended to be limiting of 
the present invention. 

Example 1 

According to the formulation shown in Table 1, 90 parts by weight of (1,4-bis[(3-ethyi-3-oxetanylmethoxy)methyl]- 
benzene as component (A), 9 parts tyy weight of Epolead PB3600 (epoxydated polybutadiene) as component (B), and 
1 part by weight of UVI-6974 (manufactured t)y Union CartMde Cotpl), as component (C). were placed in a vessel 
equipped with a stinrer and the mixture was reacted with stirring at 60**C for one hour to prepare a transparent liquid 
composition. 

Examples 2-5 

Transparent liquid compositions were prepared in the same manner as in Example 1 according to the formulations 
shown in Table 1 . except that the different components were used. 

Comparative Exairples 1-5 

Transparent liquid compositions (comparative resin compositions) were prepared in the same manner as in Exam- 
ple 1 according to the formulations shown in Tat>le 1 , except that the different conrponents and optional components 
were used. These comparative resin compositions had the following characteristics. 

Comparative Example 1 : component (B) was not used. 

Comparative Example 2: 3,4-Epaxycyclohexylmethyt-3*.4*-epoxyh6xane carboxylate was used instead of compo- 
nent (A). 

Comparative Example 3: component (B) was not used. 

Comparative Example 4: An epoxy/acryl monomer hylxid-type photocurat)le resin composition. 
(Comparative Example 5: Urethane acrylate photocurable resin composition. 

a. Svntiiesis of urethane acrytete 

3.311 g of isophorone diisocyanate. 10 g of dibutyttin dilaurate, and 3 g of 2.6-di(tert)-butyl-4-methytphenol as a 
poiymerizatfon inhit>itor were placed In a reaction vessel equipped with a stirrer. Next. 1.730 g of hydroxyethylacrylate 
was added to the mixture while controlling the temperature at less than 20*'C. After the addition, the resulting mixture 
was further agitated fbr one hour. 7,458 g of polyester diol (trade mari^: P-1010, manufactured by Kuraray Co.. Ltd.) 
which was consisting of S-mettiyl-l .5-pentane did and adipic acid and which has a number average molecular weight 
of 1 .000 was then added to tfie mixture, keeping the temperature at 40-50°C. The reaction was terminated after the agi- 
tation was further continued for five hours at 50-60"C to obtain urethane acrytete (U-1) with a numlDer average molec- 
ular weight of 1 ,680. 



15 



EP0 848 294A1 



b. Preparation of liquid resin comoosifion 

36 parts t>y weight of urettiane acrylate (U-1). 1 8 parts by weight of tricyclodecanecltytcliniethylene diacrylate as a 
reaction diluent. 23 parts by weight of isobornyl acrylate, 16 parts by weight of acryloyl morpholine. and 7 parts by 
weight of 1-fiydroxyphenyl ketone as a photoH'nrtiator were agitated and mixed at 50-60"C to obtain a transparent liquid 
resin composition. 
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Evaluation of the resin composition 

The photo-curable resin compositions prepared in Examples 1-5 and Comparative Examples 1-5 were evaluated 
by measuring the curability of the resin solution, the toughness of the cured film, and the fabrk^ting capability of three- 
dimensional objects according to the following methods for evaluation. The results are shown in Table 2. 

Curabilitv of the resin solution 

The curability of the resin solution shows a degree (curing rate) of polymerization reaction and crossiinking reaction 
of the resin oompositk)n with respect to the energy of photo-irradiation. The curing rate has influences on the dynamic 
properties of the cured products, such as Young's modulus, bending elasticity, and the like. Specifically, excellent photo- 
curability is thought to ensure nrnnrmal cfiange in the dynarruc properties of the cured product to be produced. In this 
invention, the curability of the resin solution is evaluated by measuring the \bung*s modulus of the cured resin film 
formed by irradiation of lights at different doses. 

m Preoaratton of test specimens 

A coated film with a tNckness of. 200 iim was prepared t^y applying a resin composition to a glass plate using an appli- 
cator. The surface of the film was irradiated with uttravk>let light at doses of 100 mJ/cm^ and 500 mJ/cm? using a con- 
veyer curing apparatus equipped with a metal halide lamp (UB031 1 -00 type, manufacture by Eye Graphics Co.. Ltd.) to 
prepare a cured resin film. The cured resin film was allowed to stand in an air conditioned room maintained at 23*C and 
RH 50% for one hour to produce test spedmens. These test spedmens were subjected to measurement 
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(2) Megsuremertt of Young's P1Q0ulu^ 

The Young's modulus of the test specimens which had been treated at 23''C and RH 50% and cured by irracfiation 
with different doses of light, as noted in Table 2. was measured under the conditions off a drawing rate of 1 mm/min and 
a bench mark distance of 25 mm using a tension tester (AUTOGRAPH AGS-IKDN, manufactured by Shimazu Corpo- 
ration). The results are shown in table 2. 

Toughness of the cured f Hm 

The toughness of the cured product shows resistance to external stress. One indicia of the resins toughness is ten- 
sile elongation. In this invention, toughness off the cured film was evaluated by measuring the tensile elongation of the 
cured resin film. 

(1) Preparation of test specimen 

A coated film with a thickness of 200 pm was prepared by applying a resin composition to a glass plate using an 
appUcator. The surface of the film was irradiated with ultraviolet light at a dose of 500 mJ/orf using a conveyer curing 
apparatus equipped with a metal halkie lamp The inadiatton was t^minated before the resin composition was com- 
pletely cured to prepare a half-cured resin film. Next, the half cured resin film was peeled from the glass plate and 
placed on releasable paper. The side opposite to that first cured by irradiation was irradiated with ultravk)let ligfit at a 
dose of 500 mJ/cm^ to prepare a completely cured resin film. 

The cured resin film was allowed to stand i an air-oonditk>ned room maintained at a temperature of 23*^0 and a 
humidity of 50% for 24 hours. 

(2) Measurement of ten sile etonoation 

The tensile etongation of the test specimen was measured at a terrperature of 23°C under a humidity of 50% and 
the conditions of a drawing rate of 1 mmMn and a bench mark distance of 25 mm using the above tensk>n tester. The 
results are shown in Table 2. 

Rabricatino caoabilitv of three-dimensional ofaiecte 

The fabricating capability of the three<limensional ot^eds was evaluated by measuring the dimensional accuracy 
of the three-dimensional object prepared from each resin compositk>n and time required for the fabricatioa 

m rajrication of three-dimensional object 

Using an photo-fabricatk>n apparatus (Solid Creator SCS-1000HD, manufactured by Sony Corporation), the resin 
compositions prepared in the Examples 1 -5 and Comparative Examples 1 -5 were fabricated according to the following 
conditions to produce three-dimensional objects each having an H-shape configuration as shown in the Rgure. With 
respect to the target dimensk>n of the product, the two columns and the horizontal k>eam constituting the H shaped 
object 10 were all made of a prism with a 6.4 mm x 6.4 mm square cross section. The lengths of the columns 11 & 12 
and horizontal beam 13 were 44.5 mm and 88.8 mm. respectively Other target dimensions are shown in the Rgure. 

The fabricated three-dimensional object was alkiwed to stand in an air-condrtioned room maintained at 23''C and 
RH 50% to condition. 

I.a Fabricating conditions 

(i) Laser beam intensity on the liquid surface: 10 mW 

(ii) Scanning velocity: the optimum vekxity for the cured depth of the compositron to be 0.1 5 mm. 

(iii) Thickness of cured resin layer: 0.1 mm 

(iv) Number of lamination: 445 

(2) Measument of cfimenstonal accurac v of the fabricated threeKiimensional object 

To determine the molding accuracy off the three-dimensional object 10 with the H-shape. the actual widths 14 and 
16 at positk>ns 14a and 16a were measured using calipers having a measuring accuracy of 0.01 mm to calcufate the 
differences between the lengths 14 and 15. measured at 15a. and the lengths 16 and 15, similariy measured at 15a. 



17 



EP0 848294A1 



according to the equations (I) and (II) illustrated below. The dimensional accuracy was e/aluated t>ased on these differ- 
ences. The results are shown in Table 2. 

Dimensional <fifferencel3etween A and Bs (A- B) (I) 

Dimensional difference between C and B = (C - B) (II) 

The time required for fabricerting the three-dimensional ot^ect with tfie H-shape shown in the Figure J^using the 
above photo-fabrication apparatus was measured. The resuHs are shown in Table 2. 
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As clear from Table 2, difference in the Young's modulus of cured films prepared from the resin solutions containing 
the resin compositions of the Examples 1 -5 was small when the resin compositions were cured by irradiation with lights 
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at doses of 100 mJ/cm^ and 500 mJ/cm^, demonstrating show excellent curability of the restn composition of the 
present invention. Also, the Young's modulus of the cured fDms exceeded 100 kg/mm^. incficating that the cured prod- 
ucts from these resin compositions exhibit sufficient mechanical strength for photo-fabricating applications. On the 
other hand, the Vbung's modulus of the cured film of the resin composition pr^Dared in the Comparative Example 1 
excluding component (B) was so small that no sufficient curability and mechanical strength required for photo-fabricat- 
ing applications were provided. Tlie resin composition prepared in the Comparative Example 2 excluding component 
(A) exhibited only insufficient curability emd mechanical strength because the \bung's modulus of a cured f Dm of the 
resin composition was small similarly to that obtained in the Comparative Example 1. The Young's modulus of the 
photocurabie resin composition of the epoxy/acryl monomer hybrid type, which was prepared in the Example 4, was so 
low that the curabiPrty of the resin composition was insufficient for photo-fabricating applications. 

The tensile elongation of the cured films prepared from tiie resin compositions of the Examples 1-5 Tinged from 
1 7% to 1 9%. indicating sufficient toughness for photo-fabricating applications. On the other hand, the tensile elongation 
of the resin compositions exdudng component (B) which were prepared in the Conrparative Examples 1 arxl 3 was 5% . 
and 7% respectively. Therefore, the toughness of the resin compositions excluding component (B) was insufficient for 
photo-fabricating applications. In adcfition, the tensile elongation of the resin conposition prepared in the Comparative 
Example 4 was 6% so that sufficient toughness for photo-fabricating applications could not be provided. 

Illustrating the photo-fat>ricated products of the photocurat)}e resin compositions used for photo-fabrication, which 
were prepared in the Examples and the Comparative Examples, the photocurabie resin compositions prepared in the 
Exanples 1 -5 and the urethane acrylate type photocurabie resin composition prepared in the comparative Example 5 
required less than 10 hours to be optically molded. On the other hand, for the resin composition prepared in the Com- 
parative Example 1 , the strength of the resin cured by laser irradiation, which was called "Green strength", was so small 
that a target three-<firT>ensional okDject could not be produced. Also, the resin compositions prepared in the Conrparative 
Examples 2 and 4 required more than 20 hours to be optically nrK>lded. 

Concerning the dimensional accuracy, excellent fatxicated products with small dimensional differences could be 
produced from the resin compositions prepared in the Examples 1 -5 and the Comparative Examples of 2 and 4. How- 
ever, the fabricated products produced from the Comparative Examples 3 and 5 exhibited large dimensional differences 
so that sufficient dimensional accuracy required for photo-fabrication could not t>e obtained. 

As dear from the above illustrations, the photocurabie resin composition used for photo-fabrication in tiie present 
invention has excellent phcitocurability, by which the resin composition can be promptly cured lay irradiation witii fights 
so that the time required for fobrication can be reduced. Also, shrinkage during curing is so small, so that three<llmen- 
sional objects having high dimensional accuracy and excellent mechanical characteristk^s, especially excellent tough- 
ness, can easily k>e prepared. 

Claims 

1 . A photocurabie resin composition used for photo-fabrication of three-dimensional objects comprising; 

(A) an oxetane compound. 
(8) an epoxy compound, 
(C) a cationk: photo-initiator. 

2. The resin composition according to daim 1 . wherein the oxetane compound is a compourxl comprising two or more 
oxetane rings. 

3. The composition according to any one of claims 1-2. wherein the oxetane compound is selected from tfie group 
consisting of (3-ethyt-3-0Ketanylmethaxy)methylbenzene. 1.4-l»s[(3-ethyl-3-OKetanylmethoxy)-methyqbenzene, 
1.2-bis(3-ethyl-3-Qxetanylm6thopcy)ethane. and trimethyfolpropane tris(3-etifiyt-3-ox6tanylmethyQ ether. 

4. The resin compositfon according to any one of claims 1-3. wherein the oxetane compound is a compound repre- 
sented l>y formula (16) 
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wherein represents the remainer of a molecule. R® represents an alkyi group having from 1-4 cartxMi atoms 
such as a methyl, ethyl, propyl or butyl group, or an aryl group having from 6 to 18 carbon atoms such as a phenyl 
or naphthyt group. R^ ^ represents an alkyi group having from 1 to 4 cartx)n atoms such as a methyl group, ethyl 
group, propyl group, butyl group, or a trialkylsilyl group, wherein the alkyi groups may be either the same or different 
and have from 3 to 12 cartx^n atoms, such as a trimethylsilyl group, triethylstlyl group, tripropylstlyl group, or tribu- 
tylsilyt group, arxj z' is an integer from 1 to 10. 

5. TTie resin composition according to any one of daims 1-4. wherein the epoxy compound has a nun^er average 
molecular weight of 1,000-20.000. 

6. The resin corrposition according to any one of claims 1 -5. wherein the composition further comprises an epoxy 
compound with a number average molecular weight of less than 1 ,000. 

7. The resin composition according to any one of claims 1 -6, wherein the photo-curable composition comprises, rel- 
ative to the total weight of the composition: 

about 40-96% by weight of (A); 
about 3-50% by weight of (B); and 
about 0.1-10% by weight of (C). 

8. The resin composition according to any one of claims 1 -7. wherein the composition further comprises a polyol. 

9. The resin composition according to any one of claims 1 -8. wherein the composition further comprises an ethyleni- 
cally unsaturated compound which is a radk^ally polymerizable compound and a radical photo-initiator. 

10. The resin composition according to any one of daims 1-9, wherein the resin composition when cured has Young's 
Modulus of 80 kgAnm^ or higher. 

11- The resin composition according to any one of claims 1-10. wherein said resin composition has substantially the 
same Young's Modulus when cured at an irradiation dose of 100 mJ/cm^ and 500 nrvi/cm^. 

12. The resin composition according to any one of daims 1-11, wherein said resin composition has a difference in 
Young's Modulus, when cured at an irradiation dose 100 mJ/cnf and 500 mJ/cnf. of less than 10 kg/mm^. 

13. The resin composition according to any one of daims 1 -12. wherein the resin composition when cured has a tensile 
etongation of between about 10-40%. 



14. A three^imensional okject comprising a cured photo-curaUe resin composition according to any one of claims 1 - 
13. 



21 



EP0 848 294A1 



15- A process for photo-fabricating a three-dimensior^ object comprising selectively curing a photo-curable resin 
wherein said photo-curable resin is a resin composition according to any one of claims 1-13. 
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